We tested the preference prediction of plant vigor hypothesis by examining the relationship between gall occurrence and leaf size. We also examined the effect of galls on leaf asymmetry, which is a measure of developmental instability. Gall occurrence did not increase with leaf size, thereby providing no support to the preference prediction. Galled leaves were significantly more asymmetric than ungalled leaves. Moreover, leaf asymmetry increased with both gall occurrence and gall size, indicating that galls boosted the stress levels in Ouratea polygyna.
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As stated by the preference prediction, gall abundance in leaves and/or shoots should be significantly greater on large plant modules than on small ones (Fritz et al. 2000) , and galls tend to follow this prediction because the fitness of the inducer is expected to increase with plant module size (Price 1991) . For instance, in Bauhinia brevipes Vog. (Fabaceae), longer shoots are rare; however, the abundance of gall-midges was recorded as 10-fold higher on the largest shoots (Santos et al. 2008) . Once established in leaves, galls can alter leaf development (Souza et al. 2000) and cause asymmetries and distortions (Santos et al. 2013) . Studies focusing on the influence of galls on leaf bilateral symmetry show unclear relationships between leaf asymmetry and galls (see Telhado et al. 2010; Alves-Silva 2012) . Differences in leaf morphometry between galled and ungalled leaves may indicate that besides causing changes in leaf development (Santos et al. 2013) , galls also affect leaf symmetry, which may compromise plant fitness (Venâncio et al. 2014) . In this study, we investigated (1) the relationship between gall-midge abundance and leaf size in Ouratea polygyna Engl. (Ochnaceae) at the period of leaf expansion and (2) the relationship between leaf morphometry and both gall abundance and size. We also compared the abundance of galled and ungalled leaves per plant. We hypothesized that (i) galls are more abundant in larger leaves, (ii) galled leaves are more asymmetric than ungalled leaves, and (iii) gall size is positively related to leaf asymmetry. In O. polygyna, gall midge oviposition takes place in young, filiform, rolled leaves when there is still no pattern of bilateral symmetry. Therefore, we were able to examine whether mature unfolded leaves presented asymmetry associated with the presence, abundance and size of galls.
The fieldwork was performed throughout November of 2007 at the Charles Darwin Ecological Refuge, a 60-ha patch of Atlantic Forest located in Igarassu, Pernambuco, Brazil (7°48.915'S, 34°57.274'W; for details about the study site see Costa et al. 2009 ). A still undescribed species of gall midge (Diptera: Cecidomyiidae) induces spheroid, hairy, one-chambered galls of reddish coloration, which generally occur in clusters throughout the leaf surface of O. polygyna. This tree is <3 m in height and is evenly distributed throughout the study area. Young leaves have a filiform or cylindrical aspect, which is common in Ouratea species; mature leaves exhibit completely unfolded blades, which are lanceolate, greenish, and may reach up to 15 cm in length and 7 cm in width; leaves are petiolated, and their margins are smooth (Santos & Ramalho 1996) .
We haphazardly tagged 28 O. polygyna individuals, and 50 leaves were sampled from each tree (n = 1,400 leaves). After a preliminary observation, 87 leaves were discarded because of large distortions or area loss, which may otherwise bias subsequent analyses (following Alves-Silva & Del-Claro 2013). Therefore, the sample included 1,313 leaves with variable numbers of galls, including some ungalled leaves. The abundance of galled and ungalled leaves in O. polygyna was compared using a paired Student's t-test. Gall size (mm) was measured in each leaf with a caliper. In this study, leaf size was considered a measure of "plant vigor" and used to test the preference prediction (following Gonçalves-Alvim et al. 1999; Cornelissen & Fernandes 2001) . To examine whether galls predominantly occurred in larger or wider leaves, the length and width of all leaves were measured with a digital caliper (0.01 mm accuracy). We then ranked leaves according to their size (length and width) to compare the abundance of galls in each leaf class interval. Leaf length and width classes spanned intervals of 9 mm (such as 20-29 mm and 30-39 mm, see Fig. 1A-F ). The abundance of galls in each leaf size class was examined with Kruskal-Wallis tests, and the frequency of leaves in each size interval was examined with goodness of fit chisquared tests. To determine whether galls induced asymmetry in leaves, both the right and left sides (Rs and Ls) of all leaves collected from O. polygyna (n = 1,313) were measured (mm). The midrib was used as a mark to separate both leaf sides. Bilateral structures (e.g., leaves) can display three different types of asymmetry, which can be distinguished by exploratory analyses using the values of Rs minus Ls (Palmer & Strobeck 1986) . "Antisymmetry" occurs when data do not fit the assumptions of a normal distribution. In "directional asymmetry" (DA), the mean difference between sides (Rs -Ls) is significantly greater than zero, indicating that one side of the bilateral character is consistently longer than the other. "Fluctuating asymmetry" describes random and generally small departures from symmetry with a mean value of zero (Rs -Ls = 0). Our data met the assumptions of DA, as the mean Rs minus Ls value was significantly different from zero (mean = 0.431 mm; t = 11.264; p < 0.0001). DA was neither related to leaf length nor width (p > 0.05 in both cases); thus it could be examined without ambiguity in the subsequent analyses. A paired Student's t-test was used to compare DA of galled and ungalled leaves, and a linear regression was performed to test the relationship between DA (intercept) and mean gall size. In both tests, the mean value of DA per plant was used.
Gall midges were observed in 57.7% (n = 759) of leaves sampled from O. polygyna (t = 2.135; p < 0.05). Leaves with galls supported, on average, 17.6 ± 20.39 (mean ± SD) galls (range 1-155 galls per leaf; n = 13,356 galls in the 759 galled leaves). Mean gall size was 2.75 ± 0.56 mm (n = 3,774 galls). Leaves were 111.18±19.41 (mean ± SD) mm in length and 42.28 ± 8.22 mm in width (n = 1,313 leaves). Most leaves sampled from O. polygyna were of an intermediate size, measuring from 110-119 mm in length (χ² = 26.017; p < 0.05) and 40-49 mm in width (χ² = 60.114; p < 0.05; Fig. 1A-B ), and the abundance of galls was also highest within these intermediate leaf classes (leaf length χ² = 897.03; p < 0.0001; leaf width χ² = 9309.162; p < 0.0001; Fig. 1C-D) . When we compared the mean abundance of galls in each leaf size class, no difference was observed, indicating that gall-midges occurred in the plant irrespective of leaf length (H = 2.440; p > 0.05) and leaf width (H = 3.823; p > 0.05; Fig.  1E-F) . Galled leaves were significantly more asymmetrical than ungalled leaves (23% difference; t = 3.870; p < 0.001; Fig. 1G ). Furthermore, DA exhibited a positive though marginally significant relationship with mean gall size (F = 3.7678, r² = 0.1357; p = 0.064; intercept = 0.310, slope = 0.358; Fig. 1H ).
Although O. polygyna was severely attacked by gall midges, the hypothesis of galls preferentially occurring on larger leaves was rejected because gall incidence was related to leaf availability, rather than leaf size. One expected consequence of the presence of galls in O. polygyna was a difference in leaf symmetry between galled and ungalled leaves; we observed a markedly significant difference in leaf asymmetry (DA), according to the presence and size of galls. Our results are surprising, given that similar studies found that plants under disturbance should display fluctuating asymmetry, not DA (see Santos et al. 2013) . Nonetheless, DA is presumed to occur in populations that experience high levels of stress; Lens & Dongen (2000) showed that FA was common under low levels of habitat disturbance, but DA prevailed under elevated perturbation levels. The consideration of how galls stimulate or elicit changes in leaf shape is a cornerstone of gall-host interactions (Cornelissen & Stiling 2005; Telhado et al. 2010) , since changes in leaf shape because of parasitism are usually associated with low fitness of the host (Fay et al. 1996) . Furthermore, since galls are leaf parasites, their presence and abundance are assumed to decrease plant vigor and fitness (Sacchi et al. 1988; Hartley 1998) . Leaf asymmetry is widely recognized to reflect the inability of a population to buffer developmental perturbations (Zvereva et al. 1997) . The present study is one of the few to demonstrate that galls are related to increased leaf asymmetry in the host plan. Nonetheless, we also take into account that gall midge females may have chosen to oviposit on previously stressed undeveloped leaves (see Cornelissen & Stiling 2005) . Thus, developing galls boosted the levels of asymmetry in mature leaves, further increasing leaf stress (see Møller 1995) . In conclusion, we reject the preference prediction of plant vigor hypothesis, because gall-midge occurrence was not related to leaf size in O. polygyna; however, gall abundance and size increased leaf asymmetry, measured via DA. Future studies should aim to understand the underlying physiological mechanisms of the massive occurrence of gall midges in this plant as well as the long-term effects of this interaction and its fitness consequences on O. polygyna. Figure 1 . Frequency of leaves in length (A) and width (B) intervals; abundance of galls according to leaf length (C) and width (D); mean and standard deviation of galls according to leaf length (E) and width (F); (G) comparison (mean and standard deviation) of the directional asymmetry (DA) levels between galled and ungalled leaves; (H) positive relationship between DA and gall size (both in mm).
